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ABSTRACT 



A light emitting unit emits light beams in a direction 
downwardly oblique from a horizontal direction and a 
stand-up mirror reflects the light beams so as to deflect them 
upward. An objective lens converges deflected light beams 
onto an information recording medium. A lens holder holds 
the objective lens, and an aperture stop is provided in the 
lens holder to limit light beams which are then incident on 
the objective lens. The aperture stop is located higher than 
a projecting end of a bottom convex surface of the objective 
lens. A top end of the light emitting unit is located higher 
than a projecting end of a top convex surface of the objective 
lens. The lens holder has a shape such that the lens holder 
may not enter a light path along which the light beams 
emitted by the light emitting unit and then incident on the 
stand-up mirror pass. A portion, of the stand-up mirror, 
which extends lower than a bottom end of mirror surface of 
the stand-up mirror may be removed from the stand-up 
mirror. 



8 Claims, 9 Drawing Sheets 
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LOW PROFILE OPTICAL PICKUP UNIT 
FOR RECORDING/REPRODUCING DEVICE 

This application claims priority from Japanese Patent 
Application 6-169741 filed Jul. 21, 1994. Said document is 5 
incorporated herein by reference. 



BACKGROUND OF THE INVENTION 
1. Field of the Invention 
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The present invention relates to an optical pickup device, 
in particular, an optical pickup device used in an optical disc 
device for optically recording and reproducing information. 

Recently, the optical disc device has been made thinner, 15 
i.e., have reduced height In response to this tendency, it is 
required to made the optical pickup device thinner or of less 
height 

2. Description of Related Art 

FIG. 1 shows an optical pickup device 10 of the related 20 
art. The optical pickup device has an arrangement effective 
for tbirining the device. For this purpose, a light emitting unit 
11 is provided in which a semiconductor laser, a light 
detector, a diffraction grating, and a hologram element for 
performing deflection and light dividing functions are inte- 25 
grated (not shown in the figure). Further, a limited-distance 
objective lens 12 is provided so as to eliminate use of a 
collimator lens. A height ho of the optical pickup device 10 
is the distance between a bottom or lower end of the light 
emitting unit 11 and a label surface (the top surface) of an 30 
optical disc 15 as show in the figure. Further, in the figure, 
directions D x and D 2 indicate the directions of movement of 
the objective lens 12 during a focusing control operation and 
thus an image point 18, relative to an object point 17, is 
positioned on the label surface of the disc 15. A level He 35 
indicates the neutral position in the objective lens 12. 

Three light beams 13 emitted from the light emitting unit 
11 are reflected by a stand-up mirror 14 and, thus, are 
vertically deflected. The stand-up mirror has a stand-up 
angle 0 O set to be 45 degrees. The deflected light beams 13 
are then converged by the objective lens 12 and thus three 
minute spots (not shown in the figure) are projected onto a 
recording surface 15a of the disc 15. The light beams are 
then reflected by the recording surface 15a of the disc 15. - 
Resulting reflected beams 18 are returned to the light 
emitting unit 11 via the objective lens 12 and the stand-up 
mirror 14. 

The returned light beams are guided to the light detector 
(not shown in the figure) and then a focus error signal, a 50 
tracking error signal and a reproduced signal are obtained. 
The focus error signal is used in driving an actuator (not 
shown in the figure) and thus the objective lens 12 is moved 
vertically (along the D x /D 2 directions) in the focusing con- 
trol operation. Thus, a focus error of the light beams on the 55 
recording surface 15a of the disc 15 is eliminated. The 
tracking error signal is used in driving another actuator (not 
shown in the figure) and thus the objective lens is moved 
horizontally. Thus, tracking error of the light beams on the 
recording surface 15a of the disc 15 is eh'minated. w 

FIG. 2 shows another optical pickup device 20 in the 
related art Reference numerals which are the same as those 
of components shown in FIG. 1 are used for corresponding 
components shown in FIG. 2. The optical pickup device 20 
is disclosed in Japanese Laid-Open Patent Application No. 65 
3-189932 and Japanese Laid-Open Patent Application No. 
5-120723. 



In the optical pickup device 20, the stand-up mirror 14 has 
a stand-up angle 0 lo set to a value smaller than the above- 
mentioned stand-up angle 0 O of 45 degrees shown in FIG. 1, 
for example, 40 degrees. As the stand-up angle 0 la becomes 
smaller value, the light emitting unit 11 can be raised as 
show in FIG. 2 and also a height ^ of the standing mirror 
14 decreased from the height ao shown in FIG. 1. As a result, 
the bottom end of the light emitting unit 11 is higher than the 
bottom end of the standing mirror 14 as shown in the figure. 
Therefore, the height h^ of the optical pickup device 20 is 
lower than the height ho of the optical pickup device 10 
shown in FIG. 1. In other words, the optical pickup device 
20 is thinner, i.e., is of less height, than the optical pickup 
device 10. 

A relationship of the stand-up angle 0 la of the stand-up 
mirror 14 and an angle 0^ by which the light beams are 
deflected is indicated by an equation 0^=20 la . Accordingly, 
in order for the light beams reflected by the stand-up mirror 
14 to have the stand-up angle smaller than 45 degrees and be 
precisely vertically deflected, the light emitting unit 11 is 
inclined as shown in FIG. 2. Thus, a light axis 11a of the 
light emitting unit 11 is downward inclined at an angle 0 3a 
from the horizontal direction. 

An objective-lens holder 21 encircles the objective lens 
12 and thus provides support. The objective-lens holder 21 
has an aperture stop 21a at the bottom end thereof for 
limiting light beams which are reflected by the stand-up 
mirror 14 and then incident on the objective lens 12. The 
limited-distance objective lens 12 has a convex top surface 
12a and a convex bottom surface 126. The convex top 
surface 12a has a top portion 12c thereon at a position at 
which the light axis of the objective lens 12 crosses the 
convex top surface 12a. The top portion 12c is located at a 
level H x as show in the figure. The convex bottom surface 
12b has a bottom portion 12e thereon at a position at which 
the light axis of the objective lens 12 crosses the convex 
bottom surface 12b. The bottom portion 12e is located at a 
level H2 as show in the figure. 

In the optical pickup device 20, the aperture stop 21a of 
the objective-lens holder 21 is located lower level than the 
level H 2 of the bottom portion lie of the objective lens 12. 
The light emitting unit 11 is positioned at a level H 3 , and the 
top end 11a of the light emitting unit 11 is located lower than 
the level Hj of the top portion 12c. 

Considering that a very thin optical disc device will be 
incorporated in a notebook-type personal computer, further 
thinning or height reduction of the optical pickup device 20 
shown in FIG. 2 is required. For this purpose, it can be 
considered that the position of the stand-up mirror 14 is 
further raised and/or the stand-up angle 0 la is further 
reduced. In order to make clear problems which may occur 
as a result of such modifications being performed, for 
example, FIG. 3 shows an arrangement resulting from 
performing the modifications oil the device shown in FIG. 2. 
In FIG. 3, 'Mr* indicates a movement range of the holder 21. 

As shown in FIG. 3, the height of the optical pickup 
device is reduced to a height h^ as show in the figure, and 
thus the device is of reduced height. However, when the 
objective lens 12 is moved downward in the focusing control 
operation, a part of the light beams 13 is blocked by the 
bottom end of the objective-lens holder 21. Thus, a partial 
eclipse occurs and thus information reproduction from the 
optical disc 15 may not be properly performed. 
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SUMMARY OF THE INVENTION 

An object of the present invention is to provide an optical 
pickup device in which the above-mentioned problems can 
be eliminated. 

Therefore, an optical pickup unit is provided which com- 
prises: 

alight emitting unit for emitting light beams in a direction 
downwardly oblique from a horizontal direction; 

a stand-up mirror for reflecting the light beams so as to 
deflect the light beams upwardly; 

an objective lens for converging deflected light beams on 
an information recording medium; and 

a lens holder for holding the objective lens; 

an aperture stop is provided in the lens holder for limiting 
light beams which are then incident on the objective lens; 

the aperture stop is located higher than a projecting end of 
a bottom convex surface of the objective lens. 

It is preferable that: 

a top end of the light emitting unit is located higher than 
a projecting end of a top convex surface of the objective 
lens; and 

the lens holder has a shape such that it may not enter a 
light path along which the light beams emitted by the light 
emitting unit and then incident on the stand-up mirror pass. 

Another optical pickup unit, according to the present 
invention includes: 

a light emitting unit for emitting light beams in a direction 
downwardly oblique from a horizontal direction; 

a stand-up rnirror reflects the light beams so as to deflect 
the light beams upwardly; 

an objective lens converges deflected light beams on an 
information recording medium; and 

a lens holder holds the objective lens; 

an aperture stop is provided in the lens holder for limiting 
light beams which are then incident on the objective lens; 

a top end of the light emitting unit is located higher than 
a projecting end of a top convex surface of the objective 
lens; and 

the lens holder has a shape such that it may not enter a 
light path along which the light beams emitted by the light 
emitting unit and then incident on the stand-up mirror pass. 

Another optical pickup unit, according to the present 
invention, comprises: 

a light emitting unit for emitting light beams in a direction 
downwardly oblique from a horizontal direction; 

a stand-up mirror reflects the light beams so as to deflect 
the light beams upwardly; 

an objective lens converges deflected light beams on a 
information recording medium; and 

a lens holder is provided for holding the objective lens; 

an aperture stop is provided in the lens holder for limiting 
light beams which are then incident on the objective lens; 

a portion, of the stand-up rnirror, which extends lower 
than a bottom end of rnirror surface of the stand-up mirror 
being removed from the stand-up mirror. 

Other objects and further features of the present invention 
will become more apparent from the following detailed 
description when read in conjunction with the accompany- 
ing drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows an arrangement of an optical pickup device 
in the related art; 
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FIG. 2 shows an arrangement of the other optical pickup 
device in the related art; 

FIG. 3 shows an arrangement of the optical pickup device 
which illustrates problems which may occur in the related 
art; 

FIG. 4 shows an arrangement of the optical pickup device 
in a first embodiment of the present invention; 

FIG. 5 shows an arrangement of the optical pickup device 
in a second embodiment of the present invention; 

FIG. 6 shows an arrangement of the optical pickup device 
in a third embodiment of the present invention; 

FIG. 7 shows an arrangement of the optical pickup device 
in a fourth embodiment of the present invention; 

FIG. 8 shows an arrangement of the optical pickup device 
in a fifth embodiment of the present invention; and 

FIG. 9 shows an .arrangement of the optical pickup device 
in a sixth embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 4 shows an optical pickup device 30 in a first 
embodiment of the present invention. Reference numerals of 
components shown in FIG. 2 are also used for corresponding 
components shown in FIG. 4 and description thereof arc 
omitted. 

The optical pickup device 3D has the light emitting unit 
(hologram unit) 11, limited-distance objective lens 12, 
stand-up mirror 31 and objective-lens holder 32 having the 
aperture stop 32a. Four methods are used in the optical 
pickup device 30 for achieving a reduced height device 
without causing partial eclipse of the light beams. 

A first method will now be described. The aperture stop 
32a is located so that the bottom edge thereof is located at 
a level higher than the level H 2 of the bottom portion lie of 
the objective lens 12. The aperture stop 32a is located at the 
bottom surface 32b of the objective-lens holder 32. The 
objective-lens holder 32 has a thickness V which is less 
than the thickness 'u a * of the objective-lens holder 21 shown 
in FIG. 2. Thereby, the aperture stop 32a or the bottom 
surface 32b of the objective-lens holder 32 is located at a 
level higher by a distance 8 than the level H 2 of the bottom 
portion \2e of the lens 12 as shown in FIG. 4. 

How much the distance between the objective lens 12 and 
the stand-up mirror 81 can be reduced as a result of the 
aperture stop 32a being raised above the level H 2 will now 
be described. 

In FIGS. 2 and 4, as shown in the figures, the distances 
between the aperture openings 21a, 32a and the top edges 
14a, 31a of the stand-up mirrors 14, 31 are represented by 
'd*; the distances between the bottom portion lee of the 
objective lens 12 and the aperture openings 21a, S2a are 
represented by '&V and *5*; the maximum vertical thickness 
of the objective lens 12 is represented by *d OB7 ; and the 
distances between the top portion 12c of the objective lens 
12 and the top edges 14a, 31a of the stand-up mirrors 14, 31 
are represented by L d OM a ^ '^oat. 

In the optical pickup device 30 shown in FIG. 4, d OM is 
calculated by the following equation (1): 



65 



(1) 



In the optical pickup device 20 shown in FIG. 2, d OM Js 
calculated by the following equation (2): 
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As a result, a difference between d OMa and d OAf is obtained 
by the following equation (3): 



(3) 



Thus, the distance between the objective lens 12 and the 
stand-up mirror 31 in the optical pickup device 30 shown in 1Q 
FIG. 4 is shorter by 8 a +5 than that in the optical pickup 
device 20 shown in FIG. 2. Thus, the optical pickup device 
30 has a thinner or reduced external height than that of the 
optical pickup device 20. 

As a result of raising the aperture opening 32a with 15 
respect to the objective lens 12 as described above, the 
convex bottom surface 12b of the lens 12 projects from the 
bottom surface 32b of the objective-lens holder 32 by 6 as 
shown in FIG. 4. However, the downward-convex curvature 
of the convex bottom surface 12b can prevent the convex 20 
bottom surface 326 from coming into contact with the 
stand-up mirror 31 when the objective lens 12 is lowered in 
the focusing control operation. 

Thus, by positioning the aperture stop at a higher position, 
it is possible to position the stand-up mirror at a position 25 
close to the objective lens. As a result, it is possible to reduce 
the thickness of the optical pickup device. 

A second method will now be described. The light emit- 
ting unit 11 is located so that the top edge 11a is located 
higher by a projection distance V than the level Hj of the top 30 
portion of the objective lens 12 as shown in FIG. 4. A 
working distance WD is provided between the optical disc 
15 and the top portion 12c of the object lens 12 such that the 
objective lens 12 can move in the focusing control operation. 
Further, a value *Dr* is predetermined according to stan- 35 
dards, in which range *Dr' the height of the optical disc 15 
may vary due to vibration thereof which may occur when the 
disc is rotated or the like. The above-mentioned projection 
distance *t* is predetermined so that a condition is expressed 
by the following inequality (4): 



arrangement shown in FIG. 2. Thus, the optical pickup 
device 30 has a thinner or reduced external height than that 
of the optical pickup device 20. 

The projection distance 4 t* is determined by the following 
equation (5): 

f = KM = (5) 

(1 + cos^,) • Kfc) - (d^ + l OI ) . cos2<> 1 + hu> ■ sin^, + d OB j\ 
where 



40 



(4) 



As a result, the optical disc 15 is prevented from coming into 45 
contact with the top edge Ua of the light emitting unit 11. 
Although it is omitted in the figures, actually, the optical disc 
15 further may extend horizontally and thus may be present 
above the light emitting unit 11. 

By positioning the light emitting unit 11 at a position near 50 
the highest one within the condition of the inequality (4), the 
level H 4 of the light emitting unit 11 in the arrangement 
shown in FIG. 4 is higher by a distance 'c' than the level H 3 
thereof in the arrangement shown in FIG. 2. As a result, the 
light emitting unit 11 is further inclined and thus the light 55 
axis 11a of the light emitting unit 11 is downwardly inclined 
from the horizontal direction 0 3 larger than 0 3a in the 
arrangement shown in FIG. 2. As a result, it is possible to 
reduce the stand-up_angle_0 1 of the stand-up mirror 3l4aa 
value smaller than the stana-up angle 0 ]r ot me^ta^oVu p 60 
mirmr 14 in the arrangement show n in HGTiT rhiris 
because an equation 02=20 lfl is substantially the same as the 
above-mentioned equation 0^=20^ and because 0j is 
reduced accordingly as 0 3 is increased. 

As the stand-up angle 0 X is reduced, the height 'a fl ' of the 65 
stand-up mirror 31 is reduced accordingly to be a value 
smaller than the height of the stand-up mirror 14 in the 



and 



{lot - sinB + b • cos(8 ■ sinfo 
sinB - cos^i + cos($i + 8) 



(6) 



(d-5)-cos(9 + <fr0 



sin9 • cosfy + cos(B + $0 



l l OL * indicates the distance along the light path between 
the bottom end lee of the objective lens 12 and the object 
point 17; 

'dosj indicates the thickness of the objective lens; 

'd^' indicates the thickness between the object point and 
the bottom surface in the light emitting unit; 

'h^' indicates Vx the height of the light emitting unit; 

'd* indicates the distance between the aperture stop bot- 
tom surface and the top edge of the stand-up mirror; 

'5' indicates the distance between the aperture stop bot- 
tom surface and the bottom edge of the objective lens; 

'b' indicates a margin in the stand-up mirror for beam 
diameter; and 

'8' indicates the divergence angle of the light beams (laser 
beams) 13. 

Thus, by using the second method that the light emitting 
unit is located at a higher position, it is possible to reduce the 
stand-up angle of the stand-up rnirror. As a result, the height 
dimension of the stand-up mirror can be reduced and thus 
the thickness of the optical pickup device can be reduced 
accordingly. 

A third method will now be described. The radius V of 
the objective-lens holder 32 is predetermined in conditions 
that r 0 <r and d^S, where, as shown in FIG. 4, V indicates 
the radius of the objective lens 12; 'd' indicates the distance 
between the aperture stop 32a and the top edge of the 
stand-up mirror 31; and 'S' indicates the distance between 
the aperture stop 32a and the top one of the light beams 13 
emitted from the light emitting unit 11 and then incident on 
the stand-up mirror 31. 

*S' is the following function (7) of V: 



s= 



tan(2$i 



C7) 



where, as mentioned above, *l OL * indicates the distance 
along the light path between the bottom end 12e of the 
objective lens 12 and the object point; and 

'9' indicates the divergence angle of the light beams (laser 
beams) 13. 

As a result of positioning the light emitting unit 11 at the 
higher level in the further inclined condition according to 
the second method as shown in FIG. 4, the above-mentioned 
distance *S' is reduced. Therefore, it is likely that the 
above-mentioned partial eclipse of the light beams may 
occur when the objective-lens holder 32 is lowered in the 
focusing control operation. However, by predeterniimng the 
radius V of the objective-lens holder 32 as described above, 
even when the objective-lens holder 32 is lowered to the 
limit in the focusing control operation, the light beams 13 
are prevented from being eclipsed by the objective-lens 
holder 32. 
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A fourth method will now be described. The bottom of the 
stand-up mirror 31 is formed to be wedged-shaped as shown 
in FIG. 4. A bottom edge portion 31b, indicated by a chain 
double-dashed line in FIG. 4, of the stand-up mirror 31 is cut 
along a substantially horizontal plane as shown in the figure 
and thus a wedged-shaped portion 31c is formed. An angle 
0 4 formed between a mirror surface 31d and a bottom 
surface 31c at the wedged-shaped portion 31c of the stand- 
up mirror 31 is predetennined to be equal to or less than the 
jstfliyi-np anfflp. <A y Thus, the height 'a' of the stand-up mirror 
31 is reduced, by a height 'h^ shown in the figure, from the 
above-mentioned height 4 a fl ' in a case where the bottom edge 
portion 316 is not cut. Thus, the optical pickup device 30 has 
a thinner or reduced external height than that of the optical 
pickup device 20. Thus, by eliminating a portion, of the 
stand-up mirror, which is lower than the bottom edge of the 
mirror surface, it is possible to reduce the thickness of the 
optical pickup device. 

The amount of thickness reduction of the optical pickup 
device 30 shown in FIG. 4, using the first, second, third and 
fourth methods, with respect to the optical pickup device 20 
in the related art shown in FIG. 2 will now be described. In 
the description, actual dimensional values, for example, are 
applied to the optical pickup devices using optical compo- 
nents which are generally conventionally used. 

In the device 20 in the related art shown in FIG. 2: 

the above-mentioned objective lens working distance 
WD=1.66mm; 

the objective lens thickness d oay =2.35 mm; 

the distance between the bottom end of the objective lens 
and the object point in the hologram unit l oz =19.111 mm; 

the laser beam divergence angle 6=4.69°; 

the objective lens working distance in the focusing control 
operation d=1.0 mm; 

the distance between the objective lens bottom end and 
the lens holder aperture stop 5 a =0.5 mm; 

the stand-up mirror thickness=1.0 mm; 

the margin in the stand-up mirror for the beam diameter 
b=0.5 mm; and 

the lens holder outer diameter=7.4 mm. 

In these conditions, the minimum angle 0 iamin of the 40 
stand-up angle 0 la of the stand-up mirror 14 where no 
eclipse of the light beams by the lens holder occurs, when 
the objective lens is lowered to the limit in the focusing 
control operation is calculated. The result 0 lamir =4O.83°. 
This angle is the limit to which the stand-up mirror 14 can 45 
be inclined in the horizontal direction in the arrangement 
shown in FIG. 2. This angle varies depending on the 
dimensions of the objective lens. If the larger objective lens 
is used, the above-mentioned limit is enlarged. If the smaller 
objective lens is used, the above-mentioned limit is reduced. 50 

In contrast to this, in the device 30 using the same 
objective lens in the first embodiment shown in FIG. 4: 

the objective lens working distance WD=1.66 mm; 

the objective lens thickness d OB /=2.35 mm; 

the distance between the bottom end of the objective lens 55 
and the object point in the hologram unit l OL =\ 9.111 mm; 

the laser beam divergence angle 6=4.69°; 

the objective lens working distance in the focusing control 
operation d=1.0 mm; 

the distance between the objective lens bottom end and 60 
the lens holder aperture stop 6=0.1 mm; 

the stand-up rnirror thickness=1.0 mm; 

the margin in the stand-up mirror for the beam diameter 
b=0.5 mm; and 

the lens holder outer diameter=6.4 mm. 65 

In these conditions, the minimum angle Q Xmin of the 
stand-up angle 0j of the stand-up mirror 14 where no eclipse 
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of the light beams by the lens holder occurs when the 
objective lens is lowered to the limit in the focusing control 
operation is calculated. The result is 0 lmto =4O.66°. Thus, the 
minimum angle of the stand-up angle of the stand-up mirror 
can be reduced 0.17° in comparison to the arrangement 
shown in FIG. 2. 

Then, the height 'h^' of the optical pickup device 20 
shown in FIG. 2 between the label surface (top surface) of 
the disc 15 and the bottom edge of the stand-up mirror 14 is 
calculated in accordance with the above-mentioned condi- 
tions. The result is 1^=9.61 mm. In contrast to this, the 
height *h' of the optical pickup device 30 shown in KG. 4, 
based on the above-mentioned reduction h D is calculated. 
The result h=7.92 mm. Thus, the height of the device can be 
reduced by 1 .69 mm in the first embodiment in comparison 
to the arrangement in the related art. 

Other embodiments of the present invention will now be 
described with reference to FIGS. 5 through 9. Reference 
numerals same as those of components shown in FIG. 4 are 
used for corresponding components. 

FIG. 5 shows an optical pickup device 30A in a second 
embodiment of the present invention. This optical pickup 
device BOA uses only the first method of the above- 
described first, second, third and fourth methods which the 
optical pickup device 30 in the first embodiment uses. 
Specifically, in the device 30A, the aperture stop 32Aa is 
positioned so that the bottom edge thereof is located higher 
than the level of the bottom portion lee of the objective lens 
12. The objective-lens holder 32A has a thickness which is 
less than the thickness 'u a ' of the objective-lens holder 21 
shown in FIG. 2. Thereby, the aperture stop 32Aa of the 
objective-lens holder 32A is positioned at a level higher than 
the level of the bottom portion 12c of the lens 12. As a result, 
by the same reason as that described above with reference to 
the equations (1), (2) and (3), the height h 2 of the device 30A 
can be less than the height b^ of the device 20 in the related 
art shown in FIG. 2. 

FIG. 6 shows an optical pickup device 30B in a third 
embodiment of the present invention. This optical pickup 
device 30B uses only the first and fourth methods of the 
above-described first, second, third and fourth methods 
which the optical pickup device 30 in the first embodiment 
uses. Specifically, in the device 30C, the aperture stop 32Aa 
is positioned so that the bottom edge thereof is located at a 
level higher than the level of the bottom portion 12e of the 
objective lens 12, in the same manner as the aperture stop in 
the device 30A shown in FIG. 5. Further, the bottom edge 
portion is cut along the horizontal plane from the stand-up 
mirror 31 and thus the wedge-shaped portion is formed. As 
a result, the height h 3 of the device 30B can be further 
reduced compared to the height h^ of the device 20 in the 
related art shown in FIG. 2. 

FIG. 7 shows an optical pickup device 30C in a fourth 
embodiment of the present invention. This optical pickup 
device 30C uses only the second and third methods of the 
above-described first, second, third and fourth methods 
which the optical pickup device 30 in the first embodiment 
uses. Specifically, in the device 30C, the light emitting unit 
11 is located at the higher level position and also the radius 
Y of the objective-lens holder 32B is redetermined by the 
conditions that r 0 <r and d^S, similar to the case of the third 
method as described above in the first embodiment As a 
result, the height h 4 of the device 30C can be less than the 
height hou of the device 20 in the related art shown in FIG. 
2. 

FIG. 8 shows an optical pickup device 30D in a fifth 
embodiment of the present invention. This optical pickup 
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device 30D uses only the second, third and fourth methods 
of the above-described first, second, third and fourth meth- 
ods which the optical pickup device 30 in the first embodi- 
ment uses. Specifically, in the device 30D, the light emitting 
unit 11 is located at the higher level position and also the 5 
radius Y of the objective-lens holder 32B is predetermined 
by the conditions that r 0 <r and d^S, similar to the case of 
using the third method as described above in the first 
embodiment. Further, the bottom edge portion is cut along 
the horizontal plane from the stand-up mirror 31 and thus the 10 
wedge-shaped portion is formed. As a result, the height h 5 of 
the device 30D can be further reduced compared to the 
height h^ of the device 20 in the related art shown in FIG. 
2. 

FIG. 9 shows an optical pickup device 30E in a sixth 15 
embodiment of the present invention. This optical pickup 
device 30E uses only the first, second and third methods of 
the above-described first, second, third and fourth methods 
which the optical pickup device 30 in the first embodiment 
uses. Specifically, in the device. 30E, by reducing the thick- 20 
ness of the lens holder 32, the aperture stop 32a is positioned 
so that the bottom edge thereof is located at a level higher 
than the level of the bottom portion He of the objective lens 
12. Further, the light emitting unit 11 is located at the higher 
level position and also the radius Y of the objective-lens 25 
holder 32 is predetermined by the conditions that r 0 <r and 
d^S, similar to the case of the third method as described 
above in the first embodiment. As a result, the height h 6 of 
the device 30E can be less than the height h^ of the device 
20 in the related art shown in FIG. 2. 30 

Further, the present invention is not limited to the above 
described embodiments, and variations and modifications 
may be made without departing from the scope of the 
present invention. 

What is claimed is: 35 

1. An optical pickup unit comprising: 

a light emitting unit for emitting a light beam in a 
direction downwardly oblique from a horizontal direc- 
tion; 

a single stand-up mirror for reflecting said light beam so 40 
as to deflect said light beam upwardly, a stand-up angle 
of said stand-up mirror being not more than 45°; 

an objective lens for converging a deflected light beam 
onto an information recording medium; 45 

a lens holder for holding said objective lens; and 

an aperture stop provided in said lens holder for limiting 
a light beam which is then incident on said objective 
lens, said aperture stop being located at a level higher 
than a projecting end of a bottom convex surface of said 50 
objective lens. 

2. The optical pickup unit according to claim 1, wherein 
a top end of said light emitting unit is located at a level 
higher than a projecting end of a top convex surface of said 
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objective lens; and said lens holder has a shape such that said 
lens holder is prevented from obstructing a light path along 
which said light beam emitted by said light emitting unit and 
then incident on said stand-up mirror passes. 

3. An optical pickup unit comprising: 

a light emitting unit for emitting a light beam in a 
direction downwardly oblique from a horizontal direc- 
tion; 

a single stand-up mirror for reflecting said light beam so 
as to deflect said light beam upwardly, a reflection 
angle of said light beam by said stand-up mirror being 
more than 90°; 

an objective lens for converging a deflected light beam 
onto an information recording medium; 

a lens holder for holding said objective lens; and 

an aperture stop provided in said lens holder for limiting 
a light beam which is incident on said objective lens; 

wherein a top end of said light emitting unit is located at 
a level higher than a projecting end of a top convex 
surface of said objective lens, and said lens holder has 
a shape such that said lens holder is prevented from 
obstructing a light path along which said light beam 
emitted by said light emitting unit and then incident on 
said stand-up mirror passes. 

4. The optical pickup unit according to claim 1, wherein 
a portion of said stand-up mirror, which would otherwise 
extend further than a bottom end of a mirror surface of said 
stand-up mirror, is removed from said stand-up mirror. 

5. The optical pickup unit according to claim 2, wherein 
a portion of said stand-up mirror, which would otherwise 
extend further than a bottom end of a mirror surface of said 
stand-up mirror, is removed from said stand-up mirror. 

6. The optical pickup unit according to claim 3, wherein 
a portion of said stand-up rniiror, which would otherwise 
extend further than a bottom end of the minor surface of said 
stand-up mirror, is removed from said stand-up mirror, 

7. The optical pickup unit according to claim 1, wherein 
the radius of said lens holder is larger than the radius of said 
objective lens; and a distance between said aperture stop and 
a top end of the light beam, which is emitted from said light 
emitting unit toward said stand-up mirror, is equal to or 
larger than a distance between said aperture stop and a top 
end of said stand-up mirror, 

8. The optical pickup unit according to claim 2, wherein 
the radius of said lens holder is larger than the radius of said 
objective lens; and a distance between said aperture stop and 
a top end of the light beam, which is emitted from said light 
emitting unit toward said stand-up mirror, is equal to or 
larger than a distance between said aperture stop and a top 
end of said stand-up mirror. 

***** 
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